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(57)Abstract: 

PROBLEM TO BE SOLVED: To grasp the floor reaction force acting on 
any leg of a bipedal walk moving body such as a human being or the 
moment acting on a joint of the leg using a relatively simple method on 
the real-time basis accurately. 

SOLUTION: Judgement is made whether the condition of leg motions is 
in the single leg supported condition or the double leg supported 
condition, and the total floor reaction force F is presumed on the basis 
of the equation of motion of the center of gravity GO of this bipedal walk 
moving body 1. In case of single leg supported condition, the 
presumptive value of the total floor reaction force F is used directly as 
the presumptive value of the floor reaction force of that leg 2 which is 
grounded, and in case of double leg supported condition, the floor 
reaction force Fr of the rear located leg 2 is determined using the 
measuring data about the elapsed time of that condition and the moving 
speed of the moving body 1 and the characteristic data predetermined, 
and the floor reaction force Ff of the front located leg 2 is determined 
by subtracting the obtained floor reaction force Fr from the total floor 
reaction force F. 
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^^©ttljiS^^Ji). -e©«i».^K:*fTSiaS'^ 

[0043KC-C. z^tHf »a6»«:ffi^K:Si|l** 
so gftfci^, ig»»^«:*t'rs-JS^f^«i*©tt^© 
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fist*. «fa. m»±> &m»(osms5ifihmmmiciP 

W*ta^{C:|tfWS&m<*tBi!§m>fi<k©tiB (»b< 

i*. ^^©ascis^j^-^e^sfts&s^ 

©ftB©2IE{S$MI£l/-Ofc«>6*a*. 8£oT. 8913*6 
£ tc <fc *) . 8*6*tffi«JfctC:teW *Zj£*tf SMftOfeb 

[0044] ±i£© «fc 5 ic-mmmm*® 

«K«>^«inae«^®A«a«. Kg!&££-#wfc 30 

^©s^<Dflrg«. * e. c Jbtw^tc J: 0 ib»t s 
[0045] a^r . rs*ff»«»Ktfcittwai«fb 

a*5Jte£fc*. 

[ 0 0 4 6 ] C © <fc 3 (C ~ JS*Nf ^tt® £<Ci«>tiUE*> 40 

must* zmm&omm&mmr ztntxDW&& 
■fe >^©-fe yy-zm#ic&ffi? z c t ifi-c * & /c«>. 

wgrnfrowi meatmen * «t 5 &*«*ia»-cs 
s. 

[0047] *fc, ah©* ^ tc. MiaMWfttcasMge 
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[0048] c*iKJ:ft«. #{trj£*MT&Krf***Aflfl 
*l!93©Wf5*-^>h ttBPfl»ffci:<c« 

<Dtireaifistffig^«c*j ^ 5«nas£ 

» zm&ms%u<D*> hip t (c* 

m$?!zm<D&b<Dmm&zmv£Jtozx?- v it . Mia 
tB^ss^ft JiBig* mx*#>z xrvzft, m&-8.& 

«w«aa«w>*e*i;«>3W>fcMtRa t -!»--fx 

fefcfi^©aS£. SB3*fflSSU©*6*.C»*«>fc« 
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> h ztmt * c t z®®frz *><d-ca-s„ 
[ o o 5 o ] ft. iir^cDj; mamtitm^ic 
**w suaa® 2 ^-cstg^cc^-rs ~&mmtb 

fM*. rjs#ra?«&{*©ffi^©fi^4#AS/t«>{c 
[0051] *»5&>*#«is&©i«a5*-y:/ 

a$©«£tff|ffi (t*itt^fl^SSS©*B5©5g&IMfc* 
^K*iWSi*RK*fflMigI5©{4g) i, ±S3©£H«*tB 

m£K^*£R^*gi§a5©s^©jinafitt. i»^© 
ttwwssRW?*- * *»6»«s n-sgES^©cts© 2 m 

W4ffriaSl^li©*Ditffi*tHW0-C*J < C itc<fc 0 . k 

tfi»an»«c«itt 5 - H^tf^»*©sm(*tiS8P©s 
so&aaiaus (*e*f&««-c©flna£) i©^»s»nji 

[0052]$^ Kri2SH5(*fflSaJ©«*4ftffi©B# 

^j7 £ -^^eiea$n5K«^fte©2pga^iii 1, 
r> #H3ma^gp©^ soius^** ens. 

[0053]*/!:. #BE&9i#^©*aJ|{CJ:ti« , nS 
^tf^tt(*K:*jWS^JBi»©J^R^;ftffl^©{4g. Mil. 
«. SW«:©SlrSP{C*fr*KWl«:©J*K*jftM^©fiS: 
Btt, MiB^^Ti£*M*©mf#B^as<tOT©&Iip# 
©*JHW©«*««**\ ift»#©«rag8©iaift#ft£fg 

mzmmmmrz. a-»r. t*»#©*ii8i5©4s*4 

ttH0©JRttftK£©9%©^&<£&— 3rtc 
*-3l,»r. rj£*ff««»«:{c*JW**S*fffflMi©Jft^ 

[ 0 0 5 4 ] -£ L/C, ±^©«t 5 Ct— ffi*fcfT#S&#©& 

*ttKj;o^Jt>6.n^)Ks*©«i^fiii#ttr. ^ne. 
©f*-*«*6. ^©©fiij£S6^*7 t JKcs-5c>r 
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©&&©& aaib «: ra -r s att^iisc <t . KKNtttB^su 

-j*>H*flcR*fP«MiK:<fc»)ifi(,>fc©*6IS#«:*8i> 

to < tor**. »tffl««as-r**j. ^^.«s«K**i 

IS»"C* 5 £ l/fc*£. SW<*©TISS|5©S^©*jta 

ttKHriiu$e$ic. ttTBflKD»&©A6ur is 
10 nmtcrzmtzm&tKDmfem* Tnsu©sfi©te£s 

t» tmz. thVi. KfflI«:©KK©CCffffl-riH©S 

wcwt ■s^rrii8P©fi^©fitgso f ^rrjBigp©-9--< x 

(S3) (cAfeS**-**!*. feTKg|5©t@14*-x> 
h ©fili . KTKSP©«l4ftS©ffii 4KTBESP©|5|K 

20 [ 0 0 5 5 ] MVft©*dHTOa&©:ffitaUbtc 
©BsMBtcfPfflTiMSSS*. ^S8a5©Sfi©ffi<t*® 

SKCistt ^^^©S'CxOfilLERV^yffigiJ©^^ X 
(S3) (CflSt>«f*-*fii. feAEISP©«tt*-^> 
h ©ffii . te*fS8|5©<«&ft&©te<t *S^JSgp©laIfe 

30 Kgp©*-j<> h^^-r-sc <t*5-c*s. 

[0 05 6] 4>4»&44HS©n0«-^>hfC£^£(C 
J:titf. l«r^©*l6W©«JS^Jfl^&{cj:0*«i>6n 

[0057] 

[HW©H«6©^S] *^W©-|US0fil«:friBS 1 
40 yf{cH2~Hi 2*#MLrSi9!-i'S. 

[0058] *mm&miz, ~&m : m&>#t ur©A 
ra{c*^w©^jS**5E^ffiRo-Ba65*-y > him* 

[0059] S2(c^{bbr^«fc^(c. Aran*. 

3RCf|f9gP4^6ttSJPf*5<»:. 516156 t. ^&-*f© 
»S^7. 7<h*W-rS. IHt5tt. ^©K6|J3*iW» 

2. 2©-en^n«:£a-*t©)grai58. 8 z-k ox a 

50 5 ©M8|S 4 «. MSP 3 ©±ffl(C|*jRflS 3 K*f 1 
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[0 06 0] &W#2, 2tt. JKB86i!8*>6j£l£-fS* 
JESSPQi. &A£88l$9©$fc$a>e>ttl»6iil 0*fl-UCJi 
^4TKSIJ1 l<t£*U TK8P1 KD5HMKC. JS 

mas (jsmmeo 1 2ifybx&^i 3#m&$tiT 
[006 1 ] *Hte0SS-c«. c©<t 9&«wt**rr* 

AWl©&l»#2KflWr*JfcJ^©^ 3 10 

mm i oRyisHfiestc^ffl-r-s*-^^ h©j§j&&fT 

[0 06 2] P{*5©JKBSiS4&CW\ J&S54© 

5 #i$£tcj£ y + A n Hz > 

ss4 <Dmwtt<Dmm£Kmctcm>*&!£i- zmm. 

<!:. CPU« RAM, f?a^^6«fiX3ni?ll»S&a«Sl 6 

mtmimmm. 1 e 9 t-u 1 7 1 

*^l^3tx-Cl>-5. £©*§£-, c*i6<DMffs?Wa-ls 20 

1 4 . ISl8i5im*nSgH2>1*- 1 5 . S#ftiSgg 1 
BROOt^y 1 7tt, WA«»SS4(C0ij*O&C»'<.rt' 

u-c ass ns f a * * #k©jrs$w* 
i8tc4RS$n, &$m%m 1 8*rt-i/c«i»4«e-tt 
Mtcre sirens. 

tO 0 6 3 ] ft. KBgI$ftljI£-fe>1f 1 5©ffl*3&l*-Ttt 

*Gl (02©*t&ffi«3fc©X«biSf|6j) -CCJnSJKr** 30 
ifi. R»3**c»«|8j^4*^e^l»I (02©IS*fffi<§l 

^©z«s^fisj) *&ttitt,fctttrcis> iagp4©iaa:^r 
lSrc©fln»£<!:fcS. 

[0 0 6 4] IFl#5©|ggi33K:tt. &8B3©«£f 

9 <«T. Kgp^WcHz^-y-l 9&t»3> <b. E8P3 

■9-2 0 (jwt. «wm*aafltfe>iJ-2o&<,o) t. 

K883©±T*tSi©ftiaSeci£Dfca*4*^-rSftlit 40 

[0 0 6 5] CCt, JKaSM&Aira*>ir2 0tt. «fc 
D»U< tt»»lll»toa*-fe>1>- 1 5 <tS«. Jg953© 
*¥»r®^|aJ (R8P3©«^iiS^rS^ri6]) TOlWft 

*iS]©*njfs**iw-rsH2>tfT'*s. sfc. k8p±t 

2nHU&s>-0-2 It*. J: 9 ft 0< 12. HB3 0N<fr#l4 

-c©±T*isj©ani$K (cn{*jsgiJ«rmtt])£e-fe>^2 
ojniwH-rsaiiattiissfr*) z&tn-tz>-b>v~c$> so 
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». KSP«?f^in3iSH2>^2 0RCXIgg|5±TttJjES 
l£Ztltci><DV3f>r>Xt>£t,\ 

[ooee] $^>ic&m»2<of&mB8tmmmiot 
i6^-r4jarassfts-b>-9-2 2Rtf&Mg6ft&42>-y-2 

3*i«f3nT04. ft. HaSlfiiSftS42>^2 2K:ot> 
Ttt. S2-Ctt#KrW (AMl©SiWCcr6l^-7-C*||l) 
©•P#20JBW»8K«l3*|ffl«»ft[t*>*2 2©* 

#0^3 tiro***. «raw (Amofrarfcrta^r 
ifeflU) ©w^2©jarag58(c». ^itrffl!i©/sMfi5ftffiH2 
>-y-2 2t^{c. israg5fta-fe>^2 2*isi«snr 

[0 06 7] Cft6©#K-fe>tJ-2 2. 2 3B. 
tff- >^3^-*{C±0#fiSSft;fct>©-C*>»3. 
2{C0i*L&l"<> ft*tt«©?«e*tl/-Ctt*3*VC 
CCC. SKra65^fii2>1f 2 2*s|ftW-r5®tt 
ftgA0ctt. «t08tt/<«. Ka$3£&BPt*:2©*E& 
6B9 i©sS^K^^f3e©5^M^ (WAtfAia 1 ©« 
3E£l*t»$S©<fc 9<cffiB3©*to£*n*9 ©*M>4*» 
Bliffi«i«) tC*5 i Ofe. JR 
SiJ3CC*f-r4SS9l(*2©AliiiSi59©KHgiS8Il») (AH 
1 ©&6*|Si«:*jW 8 ©«w>@ ») ) ©HIEftS 

mmic. sB5K6p^s-fe>-9-2 3*^ai-rs® 

ftftfiAfldJ. §Klt*2©AilgS9tT)ElSPl ltO 

Kgqi l©ffr^<t*i««W«tft*^^BS») (c**i 
*KgB9tC*f-r*TIE8g!n l©ttK© 

i op*? (Af3i i ©&&fri^tc4swsBaaa5 1 o <du& 
00) ©@KftS-c*s. 

[0 06 8] fgj. fl5Tl3#42>1f 1 4. 15. 19—2 3 
^ti6©ffi**8l^«iJ®^g 1 6 {cA^J-r^ < . 0 
^*«BS^i«#««-^L/rigff«iSi^i eccfBMd 

[0 06 9] l?iaSI»*!!®^l 6«. 03{c5t-r«t5 

6». ssp±Tini«KH2>-y-2 l©^^-^^. ft% 

^-ittfl#^©3 5Rcmsw3af*iint€#a3 7 kj: 0 
-e-n-en^e-nfeT 5 - * <t ss^t, am 1 ©»f*2 , 
2<Dmmmtfi&m&mm (01 (a) ©tos) r* 

■6*^. (01 (b) ©KM) r*>i^**ij 

K**W#iItt*«*«2 4*||jl-Ct>*. 

sas^si 6». nflsmfunSft-i:>-!M 5Rcf«n^ 

*W(C«^**Mflafla. 02#RS) *gtSfl^€»»9SP 
^ftfiH-a'J^S2 5 RB|5ir«/)n«tt-fe>^2 OR 

3 ©tfi^jsaue C f*e teW 4 «$4ftS 9 b ( H&fcjKttW 
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[0 0 7 0] 3 etc. S5l?8yi£igl 6tt. Jggpgirlfcfltl 
ilK-fe 2 0 &tfK8B±TJJ0jt&Hz >V 2 1 ©&«ti 7 s 
- * iffiiaE8U«*4fcKfi-8W^& 2 6 tc J: ») f+iW 3 titc 

m&zvmzftmbof-ztzm^x, *$m&m 
icmzAm i <mm&t vxm 2 kth-t. <t 5 (c&ss 3 

CCi85£;S*l3##ffi«l*Cp (S2CDxzffi«) <oim 

xm. cct, ^isscpb, £*)mb<iz> m 10 

* tf AH 1 ©2r£©J&Wf5 8 , 8 <D*t\-?tXD'P&zm 

©;*ffl#iriats*fffi$s*c f i ig-dffit^ ) -c* 

iS»©ffi^Sf 1 6tt, Sttl(*2©iaB3asftffiH2 
>-9-2 2S^K5gfi5ftS-fe>1>-2 SOtttB* 1 -*^ kj 
iaJS8|5««4ft SUtW^® 2 6tcJ:&JE8B3 ©«&«£ 0 
bOf-ftSffll,^, ite»MSSCf{C*iW4SIW*:2 
OAKS? 9 SCTFHSIJ 1 1 <D*ti*tKDtmn& e c. 

[oo7i]*fc, jgcii&Jigg 1 6 miajaa5«^ 
&»#aj^82 8tc<fco^6nijasu4©ffi^ftef0 

a. RgpaoeUSftKeb. £t«C&lllK*2©AIBigB9© 

nr. tm<om# ') > 4f*^jKc*n£rr* abb 1 ©§hj 

#ffi3S|5©S4>©&g (i*C<WSn2&<*ffi«^CpK: 
43WS#HJtoB^2B©»l>©ftg) «*ti>S£ttS&ffi 30 
g#tH*82 9<fc» ^©SPW^SSPODS^OfilrgCDT 1 

#©S4>go<«t. #{*£<i>co<!:i>5. ©& 

oxDtimo?- z t iit&gmmmmm^m 2 7 «c <t * 

^ffi^CpCJ^OCftJilSaO©^-* t*ll,>T 
%MS@fC «C*JW i#i*fi^C0©fta2fi a = TC a x. 
az)Cl31#M) **»£##m<CMSl^tH#!a3 1 

[0072] 3 e>tc. siffiasgg 1 6 use&spm 40 
4>ftgiim¥® 2 9 tcfcSAfa 1 <D&Mtm%&<Dm<b 
<mm. < «»p(*:2 «:ist)-s»Bii«:ffl^gp©«'Cx©{i 

g) ©7=-*<bBiraSISi»n2agta9^©2 7(C4:2>#^ 
J&S&C p©M^.o©jjnjia a , ©•7 s - $ i £fflt>T*6>tt 
ffi<S£C «C*j W 2 ©AMSiJ 9 RtrFfiESB 1 1 

&g?j)iiaa^ta^©3 2 4. irjgei»#3g^stfi#K2 8 

K<*S&W#2©Ail^9;Ri*TffilS!U 1 ©^-ti^ti© 
WS&I»<*2. 2©Aligg59a^TPg|51 l©ftflniIK so 
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z*ti>zmt*&2mmimntii&m 34. itreawttss 
2 8 tc <t 2 © ak8? 9 omtnm e 

ssi oom&n&AdoD?-* zm^xmibbx^z 
mw 2 ©j5Rjs^ffl*©fiis«:«e£-r * 

8d£*&3 4 4%<f*T(,>*. 
[0073]^ iiltW&fflgg 1 6 W#SI«tfiJ»T 

7) aiie«sh*«K:. *©ww^FttfiS©g§>&^e. 
otmmmiittif* ztmmm 3 5 4 . m^mtbmm^ 

7) aifea tjgatti(*«»stni*i82 8tc«t 

*&W#2©Afl^9;RtfTIig|5 1 1 ©*tt-eft©«£» 

t^m^x ah 1 ©«t&8ffi*«t?&s-.&#«f«ffi«se# 

a36i> C©i£ttaffiiii5£*©3 6{C«fct)#«>6n/i: 
^KijSS©^- f e»M«i5^R®©§S^^^e.*?7^ 

$x<mm mtm&im<Dmm*m. «t. pski^ 
saiai 5 ) *i«€-r €»PHW^^S8raifi3£^©3 7 i 4 

[ 0 0 7 4 ] */c, intrftymg 1 6 nri2#*»i> 
DiM^ta^a3 ltct-sa^M^tojtSa©^-^ 

ttJfBMBP3m»ira«S^©3 7 CC<fc 4MW5^»!ra© 

^^©^-afiUieim^ss 7K < tsit^f ; -a'<t 

«riBJft«*3lS6*J»r#S 2 4 tc «t iWt* 2 ©SSfrtKSg©*<J 

Bfte*©^- 3» i zm^x&m# 2 (c^ffl^- **s*© 
jssffi**«)Sj5Rs^«i3£#©3 8i. comB&xom 

5£«S©^- i Wtt:g8i5flnaffi^ta#© 3 2tC«fc 

*2 ©AHSJ9 atrnsisis 1 1 ©fi^saae©^- f 
t mw&unmmgMm^WLS 3 k j: *&mw2 ©ase 
959 scrFESP 1 1 <onmm&<D-f- ztmisziftmM 
wm^sl 3 4 (c j: s mmiifem&<mmm<D7 : - z t 

l?ieJHl»^»U*©2 8 tc J; 4S»(*2 ©AIlgP9 R 

ctfhsp 1 1 ©-en-en©^iifi0 c 9dof-fi 
*fflt»-c«)Bi»2©)»Rigii 1 0RtfiaragS8 «:-e-n-eti 

[0075] ^CtC. ±^©SISC®ffiilg 1 6 ©&^&© 

[007 6] xmmmBxiz. wx.&m$ 1 mmfLx 
^Kf^T-sKfigb-c. mmm. 2imm^atctmx 
mmam&s. 1 6 ©a^o^c^asx ^ ^ *£&at 
4. ea»«aa^g 1 6 (c£*tos#8T5£©i>--r 

[0077] tut>ir>. jg^ffisig leu s(r 
2 6tc£zxmzMi7-rz>. corns, mmmn&n 
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©ftrtfe£fi©»njg&. i»g|54 on 

t&ttmmmc m*s» sussm otmn&o a*i«r 

•5JRSP3 otrnxftommg., mm on jis©**^ 

cfKtoii*mmomn&ew&x&it>tinz>. c 

?t\oM&n&ea. ewi. xmm&i&xim*.m6m. 
im mttft) ictt-rztmn&x&z. 

[007 8] tSl. m*.VLV + -4zHz>V-l 4, 19K«t 

3 otmnmz&bz c t tmc***. 

CD J: 5K.*l)l>-7>y A JU$©&S£A!i,>&C <fcr. 
44>KS53©«&ftfi0a. 0b**SKJ: < ftidTSC <t 

[oo79]*k, mmmms. 1 6 », mimmsM 
em*© 2 8 ©#ai t u-risgm »a3S&it«fl#© 2 7 ©& 

[0080] Ui2JW*&f*tlffl*K2 8 «:«t iffisr 
W. *6*tSE&Jfc C ftc fctt 2 © A"IG§8& 9 l&ZFT 

Has 1 1 otmn&e c ea mm^^ncn-r ztmn 

&l»{*2©*&8159©«£«i|Ke 
<tt, ^©B«*2K:SI#snrc^f9ieJiaKg5ftSi2> 
+f"2 2K:«fciKRIgi58©SftftKA0cCD^af r -^© 

^sffii . msmsummnssm^st 2 5 cc <* 0 6 

tl/cSa53©^ftfi0b©^@«i^6^ (4) «C * 

a,= T (aoX. a»z) 

= T (ap • cos0 b— aq • 

[0088] 'Xic, mmnm$i& 1 e «. ssiesgcs^ 

(SiSffW#©2 9©*as*SlffU. «T{cS4W-r*H!M* 

a 1 ©&sMma^aj©fi^©eg <##&&3icp©ii 

[OO8 9]04(CSfJ:5{C > 3^*ffg»Si-Cffl^-&PM 
fcy^^T^Rtt, Affile SJW#2©^JBISP9(C 

fail. m®3tcm^-rtm#R3t, m&M&4. m# 

7. 7Ro*^6££frif/cS$#4 0 (fc(T\ ±(*SP4 

n^njawei8. kksi otcta^-r*. sfc, ra»R3 
^raij^R 44©ats8i5«iggiJ3«:^-r5!asP4©<itt^ 

j£gB4 1 TNfc*. 
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[008 1 ] 0c=9b+A0c (4) 

[0082] cc-c, mmotmnme&t, mmw 
3 ©±sgas#Tissis «t 0 i>Mn 1 ©Kr^iwic^& a* «t 
5 {c&JB&P 3 *J|flil^r6](c5Ptb rffl$4 lx^ -sifi^tc* 
©ffl£<cs*>©-c*o. flawfiSscsttftfiAecw. 

*JE88|59©T48S|I#Ara 1 ©itfrflPJ«:3l*Hi*J: Mc* 

10 [ 0 0 8 3 ] 3 hie, &m#20Tjmi 1 ommnm 
eat. ±sE©j:5{c*«)6n/t^jiaJ9©«*4ftS0c 

©^•Hfiti. ©U^2CCSS*Sttr<,>£firiaBMgiift& 
■b>if2 3{c«fc4KB8g5l OWJaftftKAecKMfcHiT* 

-no^mmt^'A^, (5) tc<to swans. 

[0084] 6 d= 0 c- A 0 d ( 5 ) 

[ o o 8 5 ] c ex. smm i o ommnmit, rmu 
1 1 w*m®9 oM&tcM Lxm*m®9 ©wrajtcjg 

[ o o 8 e ] tfc. msMmuammm^m2 1 omm 
20 xa. ffl&m*mm&cpomg.oomtmmicftct5 

W£fln&g[a„ = T(a,x. a,z) *i^©<fc ^tc*»e,ti 
-5. -TftiD^. !<T!e&g|JU^jIK-te>-*2 0CC«fc*K 

IBSISi5±TaiJ2S-fe>^2 lKJ:5Jga53©±T^n6j© 
^^©^^-^©^afi^aqfrii. *n^©«l 
til^-^ap, aq<t. Uie&S$«l*ftKita«^&2 5tC «fc 
»)*«?)6nfcKSP3©^4ftS0b©^0ffi<t3{pP». 
5£ (6) «:J:»3<fi*f^S3RC«C*^W5ftISSa l( = , 
x a,z) tfi&8>htl2>. 
30 [0087] 



(a. 



• sin© b. ap • sin0 b+ aq • cosO b) 

(6) 

[0090] -eur. *mimm.x\3.. co^tmw 

U >i'*7 r ^R©^09^Ri~R4«:*fjE£:-r5APa 1 ©R3» 
ta^SB (#)BH*2©Aiia59SCrFIlSBl 1, JSSP3. 

±»954 o ) ©-en-en©a^cL C2. C3. C4©sro<* 
40 gi 6©HmLftCM j ey«:iaif.3nrc^.- 

[ 0 0 9 1 ] C CT\ ®SC*0®Slg 1 6 (CEttfitttLT 
C^«fW»ffl^8P©a:HC!Gl. G2« G3, C4©(4g«> SHU 

w«s««:»LrHjeL*:ffli3R"c©fiai'c*&. c© 

«Mftti3SOS^GL G2, G3. C4©<4g*^-T 
7-ZtLX. S0Ut*ffl^gP©-«SP©WfiiS© 

5. JUmict*. 0!lit{*04{c^-ri:^{c. #A^ISP9 
©S'C^ClCfiigJt^ ^E^iig|59©fl5@llfiiS8©*'C^6^: 

BKQcmMttKmmanQm. stuspi i©s^ 

so C2©fiig«. ISTBSSiJ 1 1 ©«Kfi!i 1 0©ctM>a»e>T!Bi 



23 



10 



20 



SB1 l©*&4>:frfflK:SBftd2©<4g£l,T3t;5tt. *txh 

offiisccu ceo®*!* ttoXtohtixmntomPis. 

[ 0 0 9 2 ] ft, ±#gf$4 OOa^C^fiilSl*. 8cffitC 

it. m±<*a54 0{c^sniK(*7. 7©tts©gj«* 
4 o (Dm-bomfflHx s a i-^«nf r. eu*. « ttffigf* 

«SS{C*JW4±(*gP4 0©ft4>(a©{4g£«l3!P-<!:& 

Kn*2©^ciiaj9scrFiiaJi i. mm. ±<*a$4 

0) ©Sg'frGL, C2, G3. Q^OiiLM-^^tf" *<Difo s & 

(Wittf^^^SikDSS©?-*) 

s. 

[0 0 9 4] ft. TKSP1 1C11B. £¥351 34$ 

-cfcorfc Afai ©#&*>«**>?>. Ara©^ 

l>. — iKfC. ±f3&R9#ffiSg&©fi'l>CL 02. G3» G4© 

©t 5 -**^. ±M&mtmm®<DM'bGh G2. G3. C4 

[0095] t*ie£g&S4>&gi$tffi^&2 9 J-J£© 
<fc 5 fcS§gftJS§Sg 1 6 tc&ZiPtib&l&mftVtc?- 

*t. mmm&m*nmm&8t2 5Rvmm&&mm: 

&6 a < = ±#g&4 0 ©«&#£) RWggB3 ©«£W 

&ew>$Mmt, B«ia«ifts^ffffi^S2 8{c«fc»)* 

««>6tlfcSI9«:2©Affil^9S.cn r liSPl 1 <D*tl?t\ 

<D&mtmm&<DM>ij'CL C2. G3. G4©{4g£3jc«>.S. 
[0096] £©!©£, «PHfttB£»|S (&J«1#2 ©AM 
g)59SCfTliig|51 1. _h«:gB4 0 > <ommn&* 

xq= ( MIL • xlL+ nOR • X1R+ m2L • x2L+ m2R 

+ m3 • x3+m4 • x4) /M 
zq= (nOL- zU+ndR- zlR+m2L- z2L+m2R 
+ m3 • z3+m4 • z4) /M 



30 
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(*tg^SB©»C>Cl C2. G3 t G4©{4g#3j?«>6*l.&C<!- 

[ 0 0 9 7 ] JI&fcKCtt. fl*.i£H4**Jffit/C. 1510 
4©£fflUcftg-rSKlfl.2 (AW 1 ©Mf^BJ^tciSj 
*otM©Wf*2) (CMU, AMSiJ9©#^^C 
ptc*jW5^4ftS (z*t^|tg{c^5<««4ftffi) itdc 
(<:©*§£. 04T»ec<ot*4) r**©r. # 

«:ffi«^Cp{C4sWiAJBBgIJ9©S^Cl©&a©J^« 
«, (dl-sin0c -dl-cos0c) */c. TH 

8B1 l©#(*0I^Cp«:*JW4^fta»0cl (S4T? 

(i0d<o> -c*s©-c. Mwmmmcj*c*s»iTmm 

1 1 0S<i>GKDflHroffiMt*. AI8gP9©gS*Dc<!:-r 
Z>b. (Dc* sin0c+d2 • sindd. -De • cos0 c-d2 • 
cosSd) £fc*. f&©W«:2©Aii®9Rcrr08ei 1 
fttftc. Jga53JfcV±«:SP3 8©S^{C-OC>T*>±S<i; 

[0098] £©£ -5 KIT, #gl5fi<0ftg|*aJ3Ma2 
9 tC J: *) . C pKfctt £&PW{4-ffiSg|5©S<l>G 

i G2, C3. C4©&g**«>/fc«. ia»«as$^i 6 
b. us#»fi4:vfiiLggLw^e3o©«fflB^fL,. shj 

mg^a5©fi'CxCU G2. G3. 04©^®©-?-^^, 

VZMBl 1 ©##*4>G0©{4E (xq. z q) SrJjfcD*. 
[0 09 9] CC~C. »ft:MS^Cp«:*sWSflSP3© 

m^cscaigRo-mfi^-eti^ti (x3. z3) . no. ±# 
8P4 o©S4:^G4©^aigsa■fifi*-€•t^-etl (x4. Z 4) . 

m4. AJffl 1 ©<Wf«C|£j*> o -C5£fflI©S|lft: 2 ©AK^9 © 

s*c.ca©figRc/ss4-en-en (xul zu) . miL. 

H«I«:2 ©Tffias 1 1 ©S'CvG2©(iiaR0-fiS'£-e-*a-e 
*l (x2L. z2L) . m2U ^W©)filft2©AIIii8P9©fi^C 
lCftg&tfSSfc-e-fl-ett (xlR. zlR) . irOR fsim# 

2©th^i i ©m^c2©{4gsvms=&- ; €-n-e t ti (x2 

R. z2R) . m2R, Arai©^M*M ( = imL+m2L+r«lR+ 
rrfi>R+m3+m4) btZt. g#m&%kC&Cl<5VZAfBI 1 
©#<*S^00©fiBS (xq. zq) KKfoS (7) {C«fcrj^«) 

[0 10 0] 

X2R 



40 



Z2R 



(7) 



[0101] C©J:-5(CLr#fl*frtt«»|iJ#R3 0 

ffi#««4:«®»a#s3 i ©«Hi%nff-r5. c© 

49**4 Aff{c#i*fi^t4g»W*l33 0 «CJ: 



50 



6n^#«:^«Cp(CteWS#*«^P0©{4g (xq. z 
q) <mjm?-Z *fflOT. #ftffiS*Cp©M^O(C 
*f-r4*»«^G0©fiig (xq zq) ©2Pg»^B> "T^ 

#^escp«:*jws#^m^oo©»njis T (d , x 

q/dt 2 . cfzfl/dt 1 )*^*?)^*. -^L-r. C©/JPi$S 



25 

«^Cf{C*jWS*D3iSa,= T (a,x. a.z) £©^* h;W 

fa*** stitch t&*tm&&c m*svi$ktm 

'C«G0©ttli£Ka ='(ax. az)##«>6tiS. 

[ o i o 2 3 s fc. mm&wms. i 6 e. mrgaisif*^^ 

#ffl#S2 8RV&g|$S/i><aa#?ffl#!82 9©*&S©H 

m&nm&m 3. Rw*JK#mB£ifi5&£83 4©ja 

SfcUff-f*. io 

[oio3] c©jg^. itriaBK*sgiJftniiSsai^S3 
©s-tai. (ao&go-e-ft-eft©^^- * %mc > 

r. #*^^Cp{C*Jlti^lll8iJ9RCrFli8a51 1© 

s&a. G2©ftg©-en^tt© 2 pgSt^Hi. rttfofc. 
,s#ffi®^cpKfcw**te&9aa^if8i5i icos^g 
x G2CD-e*a^*i«Dj)n«e[ <^£«jscp©M>&OK*f 20 
t-z&mmmR) wens, ^bt, caeheti 

#J^Cp©J^O®ite*fffi^C f(C*JWiftI®£a, = T 
Ca.x. a„z) t<D^f h;HP4*8t>5C <t(Cj:»3 , t6*f 
ffiSSC fKfcW * AJffiSB 9 BttTTBlgB 1 1 <DZt\?ti 

ommg. ( <fc »> < «. ^&a©*&*tEg&?R c «c 

[0 104]Sfc, «iFfaWl^giJftJn2ffi»tiJ*f23 3 

m^x. K^ng?9scrriiga5i 1 ©-en-enra&fts 

0c 0d©2PgSfcHi. ^dffi^9RCTFBS^ 

[oio5)*fc. mB&jrtm&wm&ms 4©jzhi-c 
». «iftLrc»sw«c2ccoi,>r t m*.\mwm#m& 
mu^&2 8K.j:Q&mztitcttm9<Dm&Pi&ec 

»6nfcfflww»«:S'Ji>rte«i«:2©sirSPi 2*» 

P. . gEJWtt 2 © JS^gfl 1 3 ©ScJK^mB £ ( £¥8ff 1 3 40 

&> ^©^f 1 2 ic*rr*£5#fHflA4> 

[0106] -J-ttfoft. #^9i#^©*ajiJcJ:ti«. 
tttt t/CC»*IW*2 ©AKSP9 ©«*4ftge c^S?Mgp 

1 O©/HftftKA0d«. «RE*Jf1UBj£&Jt8&jSB*& 
*BMtt**U m«AW9©«£4ftK0cfc*tl, 
r. MB%K#re&£'<» AR81©ii 

tf^isj (xiwrisj) rc*st*&gfeftE^fMi£'<* hju© 50 
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^©fiRfl-ttt. *ft<e*iEI 5 , H6 5 «c 

aft**, cc-c, rtM»9©Jl©««4«ffi0ctt, ni 
{* 2 #AH 1 ©SHBfcBtf S«t 5 tc*fHS 9 #&giS 3 © 

tt»&K*tor«*4i,Tt>"5£a <wu«22©Arai© 
fW«:ifij^ora<W©»(*2) ©fift-cfto. iE©«& 
aSSctt. Wft2#Arai ©«!«£#**£ 5 tc*«B 
8P9*iB|gP3©^{c^l/-Cffi«4l/TC»ittf (fflfctf 
m 2 ©AW 1 ©l>WK:i*j3^ oT2t<M©J»f* 2 ) ©8fiT 

[0107] *CC. ^HJfi^^-Ctt, 05RCXa6© 
©2 8 (C «t 0**64afcAJBS8P9 ©«MftS0 c©^@ 

«i«r±B2iaiH^{cRAL<r, mmmjjftm&.'<9 
u < itsmmfn^m^ * v *©x*t3W*. z 

[0 10 8] CCT. 05S.O : H6©J: ; 5(C, AMSP9 

tSB8M«©«l^*. AKa59©«^ftffi0c*iiE-C*^ 
Sll©*a (I5t?tta l©tB. H6-C»b i©ta> 
AHS59 (DtmftlS. 6 oWfir. fi-o. AKIgP9©^4 
ftS0c©^taS, BP^, AII8iJ9©«S54ft2K*Jft 
•C*Sm2©tB (H5-C«a2©fB < 06tlib2© 
4B) 4. ^liaJ9©«Mfta[0c*!ft-C. Mo. AJISC 
9©^4ft2S5WjEr*^gr3©ffl (05T«a 3© 
ffl. H6-Cttb 3©*B> iecE^L, fRS^fm^^ 

h^©x#*i6jg^. z«i^j^©-e-n-eti«:ov» 

fc. @ 5 ©tBWIII&tCteW 1 DW 2 ©ffl a 1 . 
a2*£fctt*:*B©i51H5£«: > ^f^i^f h*© 
X«35no«K»*pxil/-C, MiltX. px=x 1 -0c* + x, 
• 0c s +Xj • fic'+x, • Gd+x, • 8c" + x, • 0c+x, 

px=x, • 0c 4 +x, • 0c 5 +x I1) • ec'+x 11 • 0C+X,, 
tl»5^©4^©^*SS8» (x.-x ll l*5e»ffi) (CJ; 

•man*. 

[0 109] ^fc, HeotBMH^KfcWSSflfcJ:^ 
«20fibl. b 2 *£fc-tffcffl©ift<H5£«. «S*f¥ 

pz=z, • Sc' + z. • ec' + z,.- flc' + z, • dd + 2, • 

Sc'+Z, • 0C+2, 



(15) 
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±C>^©6*©£gt3$M$t <z a ~z,tt5©B{<iI) K<fc») 
©tfiHsStt. mm 

tmsft*. 

[0 1 10] *LX. ffixt}?$m&r<i> h**JM>*l9l 
«. AIBSP 9 ©«*4ftffi0c©IEft£Sy5IIT Zt&tC. 

K©iEft<!:^63gcEi'©fflK:^-ri^*«»iiLr. mm 

<*ftfcffi©ia<H5£<cAJi8g|S9 ©«&£iBe c©^lslffi* 

cntct?). *is&9©«i4fcaec©j&wsfi-r©R; 
s^ftffl^ * h jvom t ma&mx<om^t>i^m.^ 

[o 1 1 1 ] ft. xmsmmxi*. m#2<D*Msn9<D 

r. AIiS?9©^ftKe>crt>£^;fcfm'£'<:5' h;U 

J: 5 tcT* C £ i> oJtfct>*£. 
I0 112]*fc. JfcetfjfttfliSWtigtt. J£ifeL>*Ct> 
SJWf*2<DI8WgSl 0©®fiftS£<DfflB8ttfc*»). * 
JBl®9©«*4ftK0c©tt:b Otc. «re®ftK-fe>-^2 
3T?tt«l;*tt*&W©l O©JSl&#£A0da>6. ScE 
;WftBj£©<ag*«tSrf.S J: 

tt. ^fiaJ9<D««ftS0c£J8SMffil 0©aftftSA 30 
e di a>f$**J8t>-c> v ? ^cc J: o AcE&rfBa&o 
(£g£8t5rr* J: 5 K L-r t J: 
[0 113] 5?.K, Arai#ra^te&*£s*-*>timc 

i^tmm&i o©js*ftgAed<t©ra&c07 (tar- 
^IS) . 08 <«H^B*) {C*r«IB8K^fiSat 

<t*E8i59©M£WK0 c£©raK:09 (PtlS±»3 
B#) . 01 0 (Rf&TW «£-o-C. 
{C^ofcOit^i^SiifB^ KB8I51 OODfflftftKA 40 
echoes 7. 08©fflB9M^(cS-^^r*JS*fPffl.^ 

^jB8^9©^fte0o!P609. 01 0<Dl$fflm%K. 

[0 114] — ?Ui£l,fc#3MS2 5~3 4©iK9I£ 

K«fcS*2UI£||*T-r&. C©BP<*«»«6r#&2 4©& 

■fe>if2 ltCcfcsjggpscDir^if^QcwjniSS©^^ 
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■c. mam&o&tiimwzvwmzmjLtcttstc. atria 

01(b) CCmUfcJ:^^PJW^:m*MS*ira^L > JL 
■5, 151301 (a) (c^0/cJ:5^#JB!^J^ttfiS^7 
TiiflKSnS. Alffll©#tTB&c. #89 

BP{*2*i#«-r4CfC > HSMffiS8©ia^©KSC3K: 

mmvam.uwrj:\,>tiajm) im&rz. cote 
a. mm&mmm*fst2 4K, ±ta©,t$ccjggi5± 
TJaiiS-fe>^2 i K«t4E?aj3©±fSit*[6]<Dttiiig 
axktar-zzmizommttm-rzctx. mmim 

[0 1 1 5] ft. »(*aOBi«IBr#a2 4{c«l:0MJW3m 

txmtfimHi Ltcct tfiiem stifct^Knt-^tMotcx 

Tfinaffi-b>-^2 i (c«fc*ftn»e©t&ffl7 t -##±iegj 
ffiiiB^fc^o^^^^ii-YA) )tpe.©«ea^ra©n- 

tone] jifc. m#M9t)wm^&2 4<D}imxi*. 

±^©i 5 tc WW3£^F«fiS©li>&*i*fia 3 ft -5 £ . t&M 
7{c<tO«-St3ft.S«jg^ra*J. teMJW3t^t«L«©ra^ 

^cc**6ft^nfti^^w!(i mmsmmasaimfr 
mTmzxvmsm^wmvmmms) <otmmu: 
^ u tcfr&frifimm-v- 4i>h$n Amizmxgm s ft 
s. -eur. «n*iiK(«»f^2 4«. ^®ai^ra*s^ 
«i3m»ira©Ji5effi«c^L/ci^«:. mw$3$Vimi>mT 

[0117] C©<fc^{C«l«:jltt*ll»r^©2 4©A!HS*s 
SlffSft. miB»f*^fitUl^©2 8fCj:**!ig 
*^f§ftfc^> «gc«^S^16«. fijlB#;«6jiK« 

s^e3 6 <D&mRzfmm-£&mmwm^& 3 7 ©*aa 

[0118] ^»aS«i«^S3 6(c«fcSA!iS»^©J: 
^(Ctf*Dft*. 01 1«:#JSL-C. Aral© 

^f^Ffc. mWtticte^xm&lXm-rMS l ©mr^lffl© 
W#2 (0T«Arai©to*{cj6j*o-,raffll©)W«:2) 

&mmbxmm3mtmt>*mfeL> mnutas^xeai 
^©Ara i r^«t ^(c, •Aomms&ftmifi&imL 
terns (mntix am i <DWTM«:&-r2>mm&mm 
&icmMt2xmmLtcm&) ^sje-r*. c©£#. ^ 
ntifrzmntzixoAMio&shmmu^ t&*imm 
mcmxwjfa (Arai ©jiff ^i) (c*jW5®sb3 
©Harass 8 <o*&<D®mm (ctnt. *mjmi&x 

«. #ft^«*Cp©/l.^o©xii^©^liWiK:l?b 
^jara® a ©da-c^ 6 Ara i ©«tr^«j©isn* 2 ©sirsu 

1 2*-C©XfA^|fiJ©KSlALl<t. B$£lJt2(C*$tt£Jiara 



(16) 



29 



SH 8 ARB 1 ©&#IW©IWI{*2 ( C tx\tmin 

TARB 1 ©fWffli|K:*ofcffiH*2r*S) ©SmSBl 2 

$ r©x ffc&?*j©&fii a L2 t ©*gfacc hhmw 

[0120] fi^T. ±faffiBtALL AL2i, B$Ma*> 

e>mmt2£V(DimtifNi (t2-ti) . whips: 
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*(Di^©®an$ra«:ft!a-r?>ct«:io-c > **i6© 

ERtALl, AL2i. &l##SjfiB#Rfl (t2-tl) ifcffl 
lr>-C*5S; (8) (CJ:0l$Si]tl*>6t2$'C©ARfll©*M& 

mv (^ti*^ii$siit2*-c©^^itfiaffi) 

CO 1 2 1 ] 



V = 0/ (t2-tl) = (AL1+AL2) / (t2~U) 



(8) 



Co i 2 2 ] *c-c> ^^^fcw&ffiBSgtoag 
«i5E^K 3 6 oxmvtt. m&mi*&wfflm*fst 2 4 tc 
^oww^mt^ra^i/fcct^jeasnsstc, a 10 
ra 1 ©Kr^im© 2 cc<* fe* ±saffiisf a Lit . t&frdij 

©«ifc2 fcteb*±BBgglKAL2<h#«Ttci8iB-f £J; 5 

tc^^n. **x6©E«tALL AL2©#m<ii*iiate« 
#<*ti*. -eo-c. ^@©wi»t38$tfc«©psjte«$tc#«> 
hti-k&xmomf* 2 K^t>4ffi«iA L2«b . tmomm 

msmmoymtm* -ctcfnestu^&s 7 tcj: osta* 

3*ifcB#R3 ( = t2-tl) tfrhM&A (8) tcfcOARB 

l©l£«|j£ffiV=fc5}<«>S. 20 
[0123] C©*S£ t ±ia£8tALl. AL2t*&tc£9 
tafcist>6*i£. PfW3^K»©ra*S«FK*5W 
*AR8 1 ©«WflB©IBi{t2 KWTtt. KPfHQOtKtt 
©PBteB# (fHKUMWm2 4 tc«fc ») NfPXftttftD 

*®2 8{Cj;»)*fe?)nSAHSB9Scrri8SPl 1©* 

n-e*i©«£tf$g* ea e <n (s i i ©^socloh* 

#M) i-T4. C©<t*. KW»2Cc^fe4K8lALi 

c*i6©8t**ftaeci. eca.(eci>o, ecu> 

0 ) ©7 s - 2 <fc . 1 1 ©-en^ti© 30 

S3 Dc D dO^-^&fcflJ^T. ^ (9) tcj:*)© 

[0 124] 

ALl=Dc • sin© d+Dd • sin0 01 (9) 

[0125] n«tc. mH&*tttftDnttre<c*i*sA 
wi©a*TO©i«*2«:oi,>r». gmrnxmrnnm 
*&^«cKrie«i*^#w^©2 8 Ki: o^*e.nsAii 

959 SCTFBSiS 1 1 ©**x^ft©4a&#ffi«: d c2. 6 d2 
(01 1 ©B$2iJt2©0*#J8D <tf *<t t &BW*2tc& 
*5SffilSAL2«. eft£©<SS4ftK0c2, 0d2(0c2< 40 
0. 0d2<O) <r>*r~-*t. AMSJ 9 RCTFKSP 1 1© 

o) tccsmajsn*. 

[0 12 6] 

AU=-0c- sin0c2-Dd- sinflcG (10) 

[0127] L,fc8Maifift£#« 3 6 ©&g 

«c«fcor. PfMR&ttft*Hters«(c. Alffli©^«i 
a«v (»o < t*. p)W$m^*«ra>&T-5ia«sr© 1 * 



*s»z>&D-49*9 4 a-cw. ^ttiisv©ii3effi«- 
[ o 1 2 8 ] ttc mmummmtm^&s Kotmtt 

:fc©«fc5tctTfctx*. 4WM#9®fclJUcJ:4-itt\ A 

ra i ©^tf^PW^^^«tsi»jisi-c*sMisi3m 
unit. AHi©MHttv&«**ffiHtt«rr*. 

Tfcfc>1p, AW 1 ©iW»©WIWd«HflBtt. 
VKSfbTBl 2tC*vrJ:5fCgE(fcU IftSttauCVtf 

[0129] -ec-c. *38M0&«s-c«. h 1 2©taraw 
SOT®:©^fiSr. mmsmiSKi etc*6*>c«e>ietg& 

©teffi-C». WW3d##«©H»&B$tc. &Kr3JE«tje# 

a 3 6 tc «fc o i?a© <fc 5 6 n/c^aaa v <mm 
@ 1 2<mmmmcm^x&mmsmmic 

aBtffi^m^ia3 1 . w(*ji«i«iief^S2 4 > gn^s 

3 5 . Rtmi»3a#»iI8Iii5e#S3 7 ©»S©^f«. 

smwrntm 3 8 ©^^fra-y- -f 9 * * a a«{ch 
aas^tw^s 3 i tc £ o e *»/tj^*«4:<3o©*os 

r(ax, az)©f-5'i. AH 1 ©fiSM©^- ^ i 
l*iB5$(2) {C«t»J. ^)*S*F= I (Fx. Fz) 

©ftsffl*ifinai*- 49*4*4 j*mcmwm htiz. 

C©J&&. PH»SttnK^S2 4«:J:*)IBai3*iro« 
W»2©«S6«SS^*W3t^KSS-C*-5«^K:« t ±12 
^*JS*F= T (Fx. Fz)©«Sffl*i*©*^«JftUr 

[0131] W«:S8li«»r#©24tCj:0lE^5 

n-ct»s«i*2©ai«itt)S*sw«is^ttfi8-c*iJi^{c 

fPffl-r*J*S*Fr= T (Frx, F rz)RC?F f = T (F fx, 
Ffz)**«6S. 2WHBH^©ttmKJ:tl 

tf . pi»d#«ircAiB i ©a*«i«:?w*i»» 2 «cft 

ffl^4)*S*Fr©SfiS»©. ttimS^KflKDM^ 

ici<sv&±mRj]F<D&mftic*t*z&£ («t. ess 

nB©«IBII«St»WIBI«:»T*«l^ (=«a»IBI/WW 
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ft<<>. 

[oi32] s^wtctt, f^iijo«i^2 tcttmtzm 

JS^jFr©Zf6*(6j (iSiS^lS]) ©j£#Frz©. pfW3fc 

mzmomtmictett z>±mx3i ? © zwm<om» f 

z(«T, #l«?#Fzs«:J:»)§|-r) {C^-r-SSJ^-C* 
SJfcK^ifcF rz/F zstt. AH 1 ©^ttaav^tc J: 6 

B5flBM«i3^fB#iffltb{cStLrS 1 3 (a) tc^f io 
<fc5ftKl3?-£©tBIWWtfi=&WU a^&Jfctt. MMX. 

mm<omtsi<Dm&K.m> r 1 j ro j *-ea&i>L 

rt><. «*ffll©ttI«:2{Cftffl^imJ5*Fr<D 
XW^ (Affli ©iiff £ffl(cA*»9;fcV£ffl) ©j£# 

F rx©, ISW3?:l^Kfig©Bg^^{C4aW 2>±m%j3 F ©X 
&fcfr|oJ©fi£#Fx <«T. #MflF#FxsJtJ: »)«-*-) tc 
tt^*SJ£-C&*JEf;S3jtt:F rx/Fxste. AK1©^«) 

3(b) tc^<fc$ft«i:*-£cDtBMW<*£«U If IP 
^t^©&SW©4ijfitcf£<,>. -b. r i j framuL 20 
fcf&. ro j z-c&i>Pi,~ct,><. 

[0 1 33] ^C-C. ^Jlitaf^ri*^ 013 (a) . 
(b) ©fflWWGfc (*Sttx-*) Mb?- 2 r 

JBSM13 8©«HI-Ctt, KrS^fliS^F©«i3£«i3&»* 
.|fi*y-ir©^@«4 v PfW3mJWIB«i3e*®3 7(cJ: 

**>6E13 (a) ©«WWflHc«^t»r. ztfc£ft<c 

JtF rz/ F zs(C WW£^M©I8*SB* ©£{££# F © Z 
8i#iaM£#Fzx£^&T*ei{c < i:»). ffcfriffl©IW*2 

n*. pskc. PfW3^«FraJt©3ft»/cf f -i»*>i5Hi * 



(17) #K§2 00 3- 1 1 7 8 5 7 

32 

*3 (b) <D4BIHW*(C&'3kvc. Xfft#ncc*CfSftK 
^ttFrx/Fxs*JS^««)e.n. C©mS*tbFrx/F 
xs{CMIW^t^fiS©§g^©^)5RJS^ F ©X *fcfr[iaijS# 
F xs^lUS* * CitCj:*). SttrMCDjffft 2 KfWflr * 
KRJS^F r©X«^lSjfiS»F naPjEK$tE>6ti*. 
[ 0 1 3 4 ] 3 biC, mitt ( 3 ) CCftoT, fftffiKDN 
f*2tC&*jSfcK:*jFr= T (Frx. F rz)£&if--f *.it>*-/ 
A"C*«&fc±flcS*F = T (Fx, Fz)<p6«^ h 

Ff= T (Ffx. Ffz) = T (Fx-Frx, F z- F rz)*li£fc 

2 . 2 ©*n^n©J6RS* F r. F f»m&t1bt-»tl& C 

[ 0 1 3 5 ] *ic. mm&mm 1 6 ». iftBarasi*- 

> > Ht5£*&3 9 ©iaSfc^T U-C. &W#2 ©&& 
m O&tffl^fii SKAGIT**-* >h&Jfc»*. C 

©«uitt, «n2«s^jf3£^i83 8. ura&sigjniiffiii 
w^3 2 . jw«^^ft*p«e»tH^g3 3 . mmjift 
m&m%¥&3 4 . Rv»{*^^»m#©2 8 tc «t »? * 

ft^*l3R»6ttfc? : -*©^<Ei£fl§(,>-C. 8rifi5?*&;*j 

aw 1 <D^immm>3ffis*bicM-rzMtifi3W&&. 

*#tf>*4>©T?*fK *SttKg/SI-C«, &M*2<MfcH 
6510, /gKI58tcf^fflr-5*-^>h*iJa#{C5j<*i& 

[0 13 6] SfcKSfcfflCCtt. H14£#JRt/C. * 

■f\ #w<*2©TBia5i ltcwu rmmi i©3tsssu 
©jemsn 2(cf?st5* (Kfiss*) . tubui 1© 

ttBf©l 0©ap»(Cf^ffiU-4* (KSSJK^) . RCTFJtl 

951 1 ©s-c»c2©MitMia*. -en-etii&stes^c 

rtC*st?Sffi#£etC£-?T:. T (Ft x. F,z). T (F,x. 
F,z). T (a,x. cbz)^^. gCTilSIJl l©tt4m,iT 
S. COiSt, TiSSBl l©fi-CvC2©iatS8(|{CK-ra 
Stt^g^tt. «(11) 4ft*. 
[0137] 



(m,-a,x, m • a 1 z) = T (F,x-F,x, F.z-FjZ-m, • g) 
«9>^-tC, T (F,x, F,z) = T (F l x-m 1 • a^x. F 1 z-m,-a,z- 



[0138] CCt. TMSP 1 1 ©S'l>G2©lH]jI@r (a, 
x a, z) » . S?^Wl«:SgP»ajiS#Hi^© 3 2 tc J; 0 * 
4t>6*i*fe©r**. TMSP1 l©5fe«SP©JSlf 
SJ1 2Kftffir*Kltigyj T (F t x. F lZ )«. iSlKWK: 

br^*4*(C» > H»R* T CF,x. F,z)tt. m» 
(2) ttJ:9#&6ft*J*J5y3 T (Fx. Fz) -C*<3> KM 
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«r) 

(11) 

<*2 3WttW«©IWrc**4#KI*. T (F t x. F lZ ) = T 
(0. 0)t?**. W*3E»ttl»c4»t»T. KWf* 

2*JAJBI l ©jttf*|6jmr^(c|6]*>-,r^ffll©«i^-c** 
4*(C«. ■»S* T (F»x F,z)B, StTie013 

(a) , (b) <DffiHHffi&ffll>?tt£®J:9tc*at>6 
tVtcmSL))' (Foe. Frz) g«^2*ii!fWJ©J«I«: 
-c**4#{c{j. ffiBSO) «:t¥orfr^©J:^«:j* 
«be>*l/d5fcR7y (Ffx. Ffz) -c**,, 

[0 1 39]^oT, •&!»{* 2 ©KM© 1 0K:fpffl^* 
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B8©S* T (F,x. F.zM*. «)fc&gMJ0&ftil,4i#©3 
2 (c J: 0 #«> P> n/cTi88P 1 1 ©ft4>G2©fll]j$ft T (a 
,x. *S*«l}e*S3 8K:«fc<3*«t>6 

nSJ5RS^3 ( = T (F,x. F lZ )> <D?-$±. TffiSgPl 

[0140] ttc, mi4*mmbx> TSSSPl l©5te 

iaSP©JSm8i51 2 {CftUB-r h£M,. TB8SP 

i i©itragjsi o©gp#«:f'pffl-r.&*-y>h£M l> * 

Ic. • a. =^~Mi+F,x- 0,' • cos0d-F,z- d,' 
+ F,x- d, • cos0d-F,z 

M^M,-:!.. • a,+F,x- d,' 
+ F,x 



(18) #51 2 0 0 3 - 1 1 7 8 5 7 
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* TUBSB 1 1 <Dm.bC2<D® *) aM^-jt > h £l« , . T 
ESP 1 1 ©fi>l>G2©@ *) ©ft a , 1 1 -5 „ £ 
fc. WfBS4«:mSli-C > TKSBl l©ffi4>G2£J$KI 
©1 O©*^©!^©^^. TE88R1 1 
Smgpi 2i©ra©ffiBt«:cl J ' ( = Dd-ck) i-TSi. 

TS885 1 1 ©g^2©@ o ©@ea«i{ciiir -saaii^e 

5£tt. (1 2) tUZ>. 
[0141] 



• sin0d 
dj * sin© d 



• cos0d-F t z- d/ 
d, • cos0 d-F, z • di 



[0142] C CT, 5$ ( 1 2 ) tKDMtt. ( 1 

2) {c«fc>-5TJffi^i i**^-4Wtt2{coi,»rirfa5R 
5Joi^mimm^si3 4te«fcg*»6*i*acj^ 1 m'£ 
^Y)it. teJWt*2(c-o^riJfia*s^fii5e^©3 8 
tcfci^e.nifRJs^^ b^t<ofm (•** b^ 20 

nasi ionmm&x$>z>. g/c. e dmim&$m 

&m#©2 8KJ:»)3fci&6*lSTBSIJl l©«£Mlftr 

s/c. t cFxx. f,z)«. ffiftvm*). m.mm 

£^&3 8K£D#»6ft*J*J^©it5effi-C;&*. 3 

T (F,x. F lZ )»> WsBSS; (11) {t«fc 05fc2?>6*l 

*fc©t?*i„ 1ff4*-^>Hc.«Tii^l 1 
©mftib^lMX©^-*^*^:. 
nrins^ffi^g 1 6 tcgatts fc©-c* 4. 30 
[0143] tmrni otcftflrr.s*-^>h 

H tt. «Jg^»^m3 8 (C<fc SlfcK^StSgte©^- 

* bMDf-ttt. J»#&8|ift flDifftJItii^® 3 3 K J: * 
T CF,x. F,z) = * (F,x-in • a,x. 



sin0d 
sinSd 
(12) 

#©2 8tC«fc5TIiSgpi l<D®.®Plg.e<XD7 s -*t, 

( 1 1 ) tC J: *) 3}5i!><E»ftfcWgii£2j T (F a x. F, z) 
©?*-*£. *6#>0&#*fcTI§aU 1 ©«&*-> 
>H«,. tMX (Dd) . fi^OOaSCcOOf 1 - S i 

*>6itirie5S (12) «cj:D*»e.n-s. 

[0144] W8B*-y > ME£¥& 3 9 tt. Jbia©J: 
SCCUTTHSBl l©B§8Sil 0©aJ»{CfPffl-T^*- 
^>m*:fc£>ft:&. *©etiJ«iSiH«©«ffllK:j:-5 

-c. *mm<Dim&8<DmHcitm-rz>*:-j>b* 
c©*as©**w^#^.*«. km© io©* 
- J t>bu t &£it>z>&&tm-- c**©-c. §«fflttia*n 
RUfSi^ti^T-SjW. ^©$Eg«#c©iI»)-c*5. 
[0145] "TfcfcfJ. *r. :*JSSi$9©S4>Cl (04 
#J8D ©MiiS«i«:Mr4jlS6^g^tca-3<^ ( l 
3) (friasS (11) <bPJC0©5£) tcj:*). *JKgB9 
©JSK© 8 ©gC^tCfgffi-T 3Kgp£# T (F, x. F, z)*i* 

[0 146] 
F,z-mt • Ekz-m, • g) 

(13) 

★ [0148] >W>t, ^gB9©fi4>d©@<3©|5IiKl 

8&{cK-r-5.as&*ss;K:«'5< ^ ( 1 4 ) (ffria^; 

(12) tmCB<D&) tc«fc9. ^SSS|59©BSM©8© 
[0 149] 



[0 14 7] CCT. T (F,x. F,z)K> 5fe{CB>TIBS; 
(11) {c<t 0^*fcH?M851 0©raSSS^T?*5„ $ 

tc, T (a,x ^z)^, t?naw(*ssp»njiK»m^ia3 2 

{cj;»3*J?>6n-2)^cBia59©fi^ci©^*fffiSSCfK: 40 

D**«b/c^ESgi59©SS. e«S^ttiaS-C*i. ★ 

M,=Mi -Ici • oit + FjX- d,' • cos0c-F,z- d,' -sin0c 
+ F,x- di • cos6c-F,z- d, • sinflc 

( 14) 

[0150] cc-c, MW. friES; ( 1 2) {C«fc«)^a> ©S'6ca.©@ •) ©tSti V > h „ 
P.n/cJB?KI8p 1 0©*-y>K T (Fa x, F.z)^, m 
IB^ ( 1 1 ) (CJ:»)#*6nfcKBBt5 1 0©KI5S*. 

'(F.x, f j2 )«. itriBSC (i3) tcj:»)*i&e»nfcaa 

W®i8©IWfiiSSyj, *e>^D**«)^Bgg|59 50 



Attjjia^ta*i83 3 tct t)*»6n-s^:)EigP9©ftflo 

Oft. 0 d3ai2»i*5g^»tH#® 2 8 (c J: ») *«&6n 
^MS|59©ffi*4ftS-C*.S. dlii. JKWS58© 

*'C^e>^KgP9©S^Cl*'C©ffig| (04#M) . d 



(19) 
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mS. (H4T?«Dc-dl) -c*0. Cttfctt. tobtflClto 
***>©?**. 

£W#2©»Msn ostfjawgiSKre 
ffl-r**-;o htf^yr^*^ A-cjtsstt*. 

[ 0 1 5 2 ] ft. ^WttlS-CCDitiNe&SiWtt^BS^* 
*». &#>t>titdm&l 0«>iaiJ8gB8©*-.rf>h©«£ 10 

m« ahi i ©an* zmm-rzuim. (mwm i 

[0153] tnmi>tcmmm&&i 6©*agtcj:D# 
«>6nfcj*jK*j©*f5igffi (»o<«. S[*s*©jfeEfii 
(D&ttm) <mmL<t<Dm-*m 1 5 fcn^r^-r 

i o &.umm 8 > \-<Dffizm<mmiit 
<d«^f*s i e {csgirej^-rs. cct, a i 5 sc; 
ii6B, ars i ifi^-m^mt-^msxmy utcm^ 20 

©WJVC*S. c©J§£\ 015-Ctt, y*-Z.ji-tt 

m-rzbv) ifimm-cMsizti-c^z. tic. si 6 
•c« f- )i t> a - zmzm^xmmB 1 0 rvmmb 8 © 

f£SS81L/cifc©0!! (KM© 1 0RW&Mgii8 

©*-> > h©x«i{cffl^-r5*><D) #ftatt?ffR3 

[0 1 5 4] 01 5*#ML.T9!e > a>&«fc5K:, 

ztimz. *tc. *m)mm-e\zt(Dmix.jj<Dimm 30 
ss 1 0 ^jK&ffi 8 ©*-^ > h fciksjwigs j: < «e£-r 

[0155] «±©J:^{C. #*IS0fiSKJ:*T,tt. 

2 cc Aia 1 <jy&Vi<ow$ih tt -> fc 9 . w# 2 ©as&jcft 

KS8-?=)lSBggi58{Cig#Lfcftffi^>-9-2 2. 2 3*. 

m#5K.$ffiLtts;+'tu-k>*t- 14. i oR^jjnas 

•fe>1M5. 2 0. 2 1 £ (,» 5 «fc 5 &J£f$ft/J^-Cgffi 

zossm@svi.zmKm 1 o scttra-r 

©tftj£*. ^S()3iSV^k:j;e>t*«:lt®WI*ej:<?f^ 

t o i 5 e ] ft. uimwutcmimmvtt. ®sE.m# 
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■r*iw*2 mmzfttm<m7&ficmmrzm#z) 
ic-o^xmttmjtm&m 8 kj: oimbih t^z 

A A«CC#«>e>n*ffcK#F r©*a*MB= V~(F rx 1 +F rz 
')*S^*6*»i;i&3e«>fcBBe©Hfii (BS roj ©iE© 
fit) timtZ. ZUX. *©«RR*Fr©|fi*«iI*Jg[ 

mm&LTtci&Tutcm mmtmw roj <c&ofc. 

B$) JC. MW^^SSC^TRV^JW^tm©^^* 
WW**, ccj^jclt^ ^©WK^WJtKtf^c 

[0157] S/c. WEXI(8^Sr». #f£9]=£Alffl 1 

tctt. i>+ o-fe>^-MJ^Fifil©»naS-b>^«r)gS5 
R^B9SP©C»m^-*/dWK:K»)ftW-C. m&j+n 

«j©was©*-^ > h **$m&mtmmicw2.-rz> j: 

tt. JH5Q65^KB8g5©®ftftKtt. -en€>©l8l5©r ^ 
» x- if tc^4 Sfl©JIS©f(IS)fi{c J: •) JES-T S J: 

[oi58] tfc. mmzmmx-it. m&zommvi 
&zmm-rz>it#>tc. m^±.Tmm&^vz i©^m 

mttine»fijjnasit«'J*S2 1 k. £ *> &it>ibtizm 

©^©ffiS:fflUSJ:^tCLT:*>«fcl>. 
[0Bn©IS**gi^] 

[si] *^©ms*«i5e#^©«*wmffi*itt^-r 
*yt*©Ho 

[02] *%W©-geS6^S«C*JW2,Z^^f^ttf*i 

[03] 02©i^£<t££?£#r^^©f£f£«i&3B 
[04] 03©«»J&S£B©#iSKfflt>SSW#'/>* 

[05] mftm^Ktovzmmsifem&^z h^©it 
0. 

[06] Mn&imKtovzmmjjftm!!?^* hjuo® 
0. 

[07] fa^mvmickvzmfciiftm**-* v^om 
w. 

[08] &*&i5,±Mm<£tovzmmjj<m£i.'<* \~ 



37 

[09] Rf &± *) mictoV ZmfxMm** i> h ;KZ>ii 



C20) ®m 2 0 0 3 - 1 1 7 8 5 7 
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[014] 03©>SI«t*!iSKg©Aaffl?:ilftW^i3fc*© 



[010] liggiTOBStcfcWSmJK^^ffl^i' NKD 

0. 

(Sin 03cDis^s^aoAaa*siw^-5fcACD 
0. 

[0i2] Mae>&ibmmtmM3mmi8i£<otewmm 
zm-rmm. 

[013] (a > mwtt&wtfmtioimjiftf&ft 
t<DM%*m?im. (b) wwsmi^iaiieRs^iDii* 



[015] *^©^«fiJBSgfCj: *)*.#>btitcmi5jJ<» 
[016] *^OHJfi^fiSfCj:0*«>P,n/cJSfrafi5S 

io i •••Am ( -fimmtbm . 2-pm*. 3hk& 4 

. 5-Htt. 8-flaWfiS, 9-*HSB. 10-tt 
1 1~T«*. O-IBfcS. 
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[02] 
FIG. 2 
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[012] 
FIG. 12 
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[H6] 
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[B9] 
RG.9 
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[07] 
RG.7 




20 



40 



eo 



Cdeol 



— I — 
80 



0.12 



[H8] 
FIG. 8 
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FIG.10 
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[015] 
FIG. 15 
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[016] 
FIG. 16 
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